The data for the elastic scattering of 288, 340, and 386 MeV alpha particles on 58 Ni was analyzed using the McIntyre parametrization for the phase shift. The calculated differential cross sections for the α + 58 Ni system fit the experimental data fairly well. The diffractive oscillatory structures observed in the angular distributions were explained as being due to the strong interference between the near-side and the far-side scattering amplitudes. The corresponding optical potentials were predicted by using the inversion procedure of the McIntyre phase shift. The inversion potentials were then compared with the available ones obtained from optical model analyses.
I. INTRODUCTION
One of the measuring quantities in the elastic scattering between heavy-ions is the differential cross section.
The important element in describing the elastic differential cross section is the nuclear phase shift. Since this nuclear phase shift can be expressed as a parametrized form, the parametrized phase shift model has been used as a convenient tool in interpreting the elastic scattering data. Until now, several forms for parametrized phase shift model are known [1] . There has been a great deal of efforts [2] [3] [4] [5] [6] [7] in describing the heavy-ion elastic scattering within the framework of parametrized phase shift model. [2] successfully by using phase shift based on McIntyre parametrization [8] . Further, a systematic study of elastic scattering for the 12 C + 12 C system in the range * E-mail: yjkim@jejunu.ac.kr E lab = 240 to 2400 MeV has been done [6] with the parametrized phase shift model. In addition to the differential cross section, optical potential is one of the central subjects in the study of heavy-ion elastic scattering. The connection between the optical potential and elastic data (primarily differential cross section) is the nuclear phase shift. The parameters of nuclear phase shift are employed to determine the optical potential by solving the inverse scattering problem. Several attempts [9] [10] [11] [12] [13] [14] have been made to evaluate the optical potential from the parametrized phase shift. By solving the inversion problem at high energies, Fayyad et al. [9] related the parameters of McIntyre phase shift to the ones of Woods-Saxon type optical potential. The inversion potentials [14] for the 12 C + 12 C system in the range E lab = 240 to 2400 MeV were obtained, and compared with other works.
In our earlier paper [15] 
II. MCINTYRE PARAMETRIZATION FOR NUCLEAR PHASE SHIFT
The elastic scattering amplitude for spin-zero charged particle from a target nucleus may be written as
where f R (θ) is the usual Rutherford scattering amplitude, k is the wave number and σ L denotes the Coulomb phase shift. The nuclear S-matrix element, S L , is related to the nuclear phase shift χ(L) through the relation
In the McIntyre parametrization [8] for nuclear phase shift, the real and imaginary parts of χ(L) are expressed as
and
The reduced radius r 1/2 and the diffusivity d s are related with the grazing angular momentum L g and the angular momentum width ∆ g through the following semiclassical relationship [2] :
where
T ) and η the Sommerfeld parameter. Similarly, the grazing angular momentum (5) and (6).
By using the relations
the nuclear phase shift given in Eqs. (3) and (4) 
III. OPTICAL POTENTIAL BY INVERSION
The inversion solution to Woods-Saxon type optical model potential U op (r) = V (r) + iW (r) determined from the McIntyre parametrization of the S−matrix was reported by Fayyad et al. [9] . The obtained results are
where V 0 and W 0 denote the depths of the optical model potential given by [9] V 0 = 4µE πkα (11) 
In Eq. (13),
and I 0 (R, ∆) in Eq. (14) is obtained in a similar manner in terms of R and ∆. The remaining four potential parameters R ′ , ∆ ′ , R, and ∆ are obtained by solving the following two sets of nonlinear simultaneous equations of Ref. [9] . For the parameters (R ′ and ∆ ′ ) related with the real potential
For the parameters (R and ∆) related with the imaginary potential
where I ν (x 0 , a 0 ) is an integral given by
which can be evaluated analytically [18] . Ni system at 288, 340, and 386 MeV, respectively. The solid circles denote the experimental data taken from Ref. [19] (for E lab = 288 and 340 MeV) and Ref. [20] (for E lab = 386 MeV). The solid curves are the calculated results from McIntyre phase shift.
IV. RESULTS AND DISCUSSION
is not just a sum of the near-side and the far-side cross sections, but contains an interference between the nearside and the far-side amplitudes. The diffractive oscillatory structures observed in the elastic cross sections are considered to be due to the strong interference between the near-side and the far-side components. As Fig. 2 and Table 2 show, the near-side and the far-side contributions have a same magnitude at the crossing angles θ cross =
4.90
• , 4.60 • , and 4.30
• for E lab = 288, 340, and 386 MeV, respectively, indicating that θ cross is found to decrease as the incident energy increases. However, the far-side cross sections become important as the scattering angle increases from θ cross . The structureless exponential fall- Table 2 . In this Table, θ n.r. is the nuclear rainbow angle corresponding to minimum in the deflection function given by the formula Table 3 . Optical potential parameter values obtained from the inversion method for the α + 58 Ni elastic scatterings at E lab = 288, 340, and 386 MeV, respectively. angular momentum has an influence on the strong absorption radius R s . The R s is defined as the distance of closest approach determined from the formula
, and also reflected in the reaction cross section. Table 2 shows, the geometrical reaction cross sections (σ Rs = πR (13) and (14) . Finally, the inversion potential depths (V 0 and W 0 ) are directly obtained from Eqs. (11) and (12) . The parameter values of inversion potential are given in Table 3 .
The calculated inversion potentials are displayed by the solid curves in Figs. 3 and 4 . Meanwhile, the dotted, dashed-dotted and dashed curves in these figures are the Woods-Saxon optical potentials obtained with the parameter Set 1, Set 2, and Set 3 of Table 2 in Ref. [19] . In the case of E lab = 386 MeV, we presented only the inversion potential because the Woods-Saxon optical potential was not available. As a whole, the inversion optical potentials agree with the ones from the optical model analysis [19] in the surface region around the strong absorption radius. We found that the real poten- 
V. CONCLUDING REMARKS
In this paper, we have studied the elastic scattering of Table 2 of Ref. [19] . The solid curves denote the calculated inversion potentials. The arrows indicate the position of the strong absorption radius.
were in fairly good agreement with the experimental data over the whole angular and energy ranges. We can see that nuclear rainbow is evidently presented from negative minimum in the deflection functions. The magnitude of reaction cross section could be estimated by strong absorption radius. The near-side and the farside decompositions of the scattering amplitudes have also been performed by following the Fuller's formalism. The diffractive oscillatory structures observed at small angles have been explained due to the strong interference between the near-side and the far-side scattering amplitudes. However, the structureless exponential falloff behaviors of the large-angle cross sections are mainly 
